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Ageing of a Cu-4 96 Tl Alloy and Annealing 
Behavior after Cold-Rolling 
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Ageing of a Cu-3. 87 wt?^ Ti alloy and annealing behavior after cold-rolling, were studied 
by hardness measurement, optical and transmission electron microscopy! The results arc. . 
summarised as follows ; 

(I) In early stage of ageing, a modulated structure was observed and it grew larger 
with ageing time. The formation and growth of the modulated structure caused 
■ remarkable iacrease of hardness. In later stage, discontinuous precipitates at grain 
boundaries grew into the grain with depletion of the modulated structure. 
Development of the discontinuous precipitates mainly <aused over-age softening 
of this alloy. 

• ( 2 ) On the specimens cold-rolled after solution- treatment, age-hardening accelerated 
and maxhnum hardness during ageing increased with cold-rolling. 

(3) Hardness of the various aged specimens showed a similar change during 
annealing after a fixed cold-rolling; it increased in early time of annealing and 
then decreased. The incirement of hardness became larger and softening rate became 
faster with. cbld-rolHng. 

(4) The aged and. then cold-rolled specimens showed considerably higher value of 
hardness in early stage- of annealing and slightly lower value in later stage than 
the solution-treated and then cold-rolled specimens on the same degree of 
cold- rolling. . 

( 5 ) Discontinuous precipitates or new subgrains preferentially nucleated at old grain 
boundaries and at sharp deformation bands during annealing of the specimens 
cold-rolled after solution treatment or ageing. 
..Sofleiing of those specimens are due to both the formation and growth of the 
discontinuous precipitates and proceeding recry stall ization! 

BEST AVAILABLE COPY 



m ^ 
^ ^ m 



1. Hi 

i&4^ffl Ti ^itV Cu-Ti ■^^(iioJim.mmsM 

— :?rx cu-Ti -a-^oBSjaicKLTwcn^-ctc^ 



81 



2. ^gi:^i* 



mSfP (99.95^) ixd^>^^;;^;$^ v{99.5^) 



96.09wt^, Ti-^j^r^fiS.SZwl^-e^ot-o 



JSf«:T«*z:<a:£^^p-«sfiS;& u : 2gr, fi^&iSjjc: 
8 cc, : 8cc, v ^^.'fb*** : 5 cc, * : 9Scc 3^ 

SM'^^pm^SMs^iciimkcomotm^ rn^fz 0.3 

3.1 ^^tag|<b«3!^fc 

Photo. 1 1^450^ c^»<c# 5 lye^^sfc^iatjoseft 

( a ) <*^#:-ffcMAn Ui^c # o la^fe-U ^ 
S« (b) *i45d"C-15hrfif^»S:<s|'<I>ffl®*T?&b, — 

So ( c ) fi450- C - 72hr J^J5&Si(s^©a[ia!it? * 5 , ffi 




(a) as quench 



X 200 X 



(b) 450*'C-16hr age x«}Ox^ 




" (c) 4S0*C-.72hr age x4D0x% (d) 450'*C-S36hr age x400xK 

Photo. 1 Change in optical micros true ture during ageing at 450*»C- Precipitates nucreate at 
grain boundaries and grow into the grains with Ageing time. 
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bTl^^o (d.) 1^450** C-336hr M:J»K1s}tDa«T'^ 

Photo. 2 <i 4150** C -lamin RFjSiS^JH-CDaeS-C <fo 5 o 
i^aSfe^xJs Tj^jO. (c;*:S ? r^M^^D 



Photo. 3 (±600^*0- 3 hr Bt?aS?JftCDS[i?^t?^ S *.>\ 
600" C B*Jt&® 3 min mSbimcr) c < —350^ 

300-Ci^a©«&«*2, 200hr MFjia«)|fc1-fC*JOT{i 



Phota. 2 Transmission electron - micrograph 
of ihe specimen aged at 450* C for 18 
min. * 

Small lamellar discontinuous preci- 
pitates along the gr^in' boundaries and 
intra-crystalline fine struciiirc, * 




Photo. 3 Transmission electron micrograph 
of the specimen aged at 600''C for 3 
hr. Large discontinuous precipitates 
grown, on the (111) matrix plane. 




(a) as-quench 




(b) SOO-'C-ISIS hr age 




(c) 450"O3 hr age 




(d> 600*C-6 min age. 

Photo. 4 Transmission electron micrographs of 
as -quench 8i>ecimen and various .aged 
specimens, indicated above, 
(a) shows some bending contours^ but 
not any characteristic structure, (b), 
(c) and (d) show a characteristic 
"modulated structure'* respectively. In 
(c), the traces arc parallel to (001)m 
and (irO)M and" in (d), the tra. ces are 
parallel to .(001)m and (010)m. It is 
shown that higher ageing temperature 
or longer ageing time give larger mo-, 
duiated structure. 
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Photo, 4 0 .( a ) fi^*YbJ^7wnK#?f©523SlS?SH 
mm^^X-^b^ bending contour «^ 6>nS *f 

(b), (c) *5j;c;f (d} li-en^^n. soo'^c 

jg&T-f T'#cKlg)&n,, Photo, 2 *fci:cr Thoto.4:i>^^ 

COffli:SBffl^lCoPTIi^ G. Nesterenk f^^^Hn 

^Ir^t;^^ Debye-Scherrer ^;^£D matrix ^ CD 
<t-H1SsLfc "Side band" % Ti 
t ^ i ^ (r i Ai^f Sit ^ « 5 ^ t3 n>> 
^^Ml&^ (modulated structure) tcH^^CDT?^) 

•g-^, K. Sato<*i5tt Cu-0.6'-2.98JKTi ^^KOl.^ 




. Fig. 1 Change ia hardnes.3 during ageing at 
300"C, isO'C and eOC^C. 

Solid circles show average values 
measured from all over the specimen 
with GOOgr load. Opencircles, average 
values from the modulated area of the 
specimen with 200gr load. 



2O0gr MS*^t^"CSrpIW|^CD®^g3b>5» 
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Fig, 2 Change in amount of the discontinuous 

precipitates with ageing time. 



Fig, 2 {i450» C *J i rK600- C^jKl* ic^^bn/c^ 

Fig. 1 (D^mx^ $ ^ig^^JfS^O^i^lj^S^Qge 
ittpM-r^h. 6S00°C*5<kcK450"CNp^Efr^DV^i'no 

^ 

i&mtii^^^xmm'inf^^&mvfm^ijmf^i^^m't 

Ji5ECDei<. 300*Cx 450^c^J:0f6oo»c©i^-r 
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Fig. 3 Change in hardness during ageing at 
450''C of the sdlutlon treated and vari- 
ously coid -rolled specimens. 

Fig. 3 fiJE®J[in3:^CD4G0''c.^«b<?i# 5 ^jSt^it^ 

^(^Qo^&m^(Z)^i^mB^m:i^ti^'n. i89. 226, 

278*d J: 304HV t?^ jBE^IinX^Jfe Otl&^f^tD 

mti^(omjs: tm.^ic^^ mtim.i>m^j: o x i 2. 

Photo. 5 iiSfrfb 60^ CD fEMJtaX^ife Utc 

o MS?M»^.JEE3iE*lftfCT^T*T?JB:3SMlcSii:<cWf® 
-riSo Ca) lilESADXO^tcDffl^-C* I) , JffiS 




x300x.% 

Fhoto. 5 (a) : Optical micrograph of the ape 
cimen solution-treated and cold, 
rolled 60^, shows sharp defor- 

■ mation figures, 
(b) : Optical micrograph of the spe- 
cimen aged at 450''G for 2^ hr 
after the treatment indicated in 
(a), shows increased width of 

• some old grain boundaries or 
sharp deforinatlOQ. bands,- and 
other, smboth area. 

1 1 1 ic^ '^r^mscmtb^'^ ^v^^^'^^^ 

^-vmrn-r^t. Phato.eCa) (b) *jJ:CK (c) 
55^-rct<. dark band. SSi&t^. ISciW'^cWeftlt 

Photo. 6 CD (a) itmt^<ttimm09iOJ£M)BX,^ 

h h-^-r^*3t>dark band A>^8fcv=^^n6o C 

Photo. 6© (b) ii^V^ (c) liiSfls^bMSfteo^ 
CDHJSjDX*Jfcl/tc«. 450*»C"e54min- ^XSb^'lii; 
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(d) 450'*C-167 hr age 
6 Chaqge in transmission electron 
micro^tructure during agoing at 450 
**C of tho specimen solution- treated 
and cold-rolled 60%. 

(a) : many dark bands. 

(b) : discontinuous precipitate's and 
small new subgrains in the vicinity 
of the dark bands. 

(c) : discontinuous precipitates nuclei 
ated within the grain. 

(d) : large discontinuous precipitates 
' and small new subgrains in the 

long aged specimen. . 



ifilcS3ffl^/.fSlo^j^«: J;^> t®t)tv^dark band i)i 
^ &nx ( b ) X'ii dark band Oj&m^m^^Mm^n 
m^^O:^&l^^tii^i)>^^nia ^K. (c) U/^ 
mmVfmmm&^^&Lt^<OC ^ Vfz dark band 5£ 

Photo. 6 CD (d) Ummtiim^Q096OBM)m:i^^ 
S.3 mn^fx\:siLrc:Um<r>i^m^m 

Fig. 4 l*>^fr^% 450? C -C18min^ 3 hr J: c^r i5hr 
;6 C t tc Jt ^ X -en^'n wave-IengthcD^/jr ^ 

90%iO??rr^SjS.Anx % SS b ^450" c -e®/^ ^r ^fSijfe 

^450** c b/c t It ®Sas2f-fb b-C ^> 

4r,0^C-18rnin, 3 hr 1J J: CK15hr fipjar^, B096COS. 

Mim-JL^H^Vfz^no^^mstmt^n^tisea^ 375 



roll I • ^StfC-ISTtoafl* 

Eov.r«49(ft:-aiir «ar 

^ retll^ASqutKh - 




AmwA^ing Tant^{hr) 

Fig, 4 Change in hardness during annealing 
at 450*C of the specimens aged fpr 
verious time, at 450" C and cold-rolled 60 
or 90$K 
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lengthOft $ K J: o T <5 i ^ if R/j: & 3 ffl<t>Kfi- 

i min J: o Ti5iISfi30-40 Hv Ji^- U 3 min 

450* C-e 3hr «F^»St60% JEJ^JtaX^JS Ufr^^ 
B!^ttfe35Hv Jiff bfr^Smin 

Js^dlS^ 30^ 60toi:i>-905lEScDJE8SjDXtli6U HtCD^ 
Tiii?TO. 60, 30^cria'i5^j[£@ii5*4-'Clic^^n«r» 





Anneaitng Tim* (hr) 

Fig, 5 Change in hardness dariag amiealing^ 
at 450''C of the specimen aged at 450**C 
for 3 hr and variously cold-rolled. 



(d) 450'C-9 hr anneal 
Photo. 7 Change in transmission electrott 
microstructure during annealing' at 
450°C of the specioken aged at 450*0 
for 3hr and then oold-rollpd 60^. 

(a) ; many dark bands and ' micro 
twins, 

(b) : small cell structure in . the vici- 
nity of the dark bands. 

(c) : more clear cell structure in the- 
specimen aged more longtime. 

(d) : large discontinuous ' precipitates 
nucleated in the matrix of the 
modulated structure and small new 
subgrain. 



87 



fcKlsf ;^^{C t o t Photo. 7 <p C 4 < 5 o 
dark band cDf6^ca^i^)>t^3Ji^^Ii>^^Sc^^ ia ^ « ( b ) 

(offl^tA^pf & *^xtt3S©lsIa^^^^jt^t?^r^ 

^>©^:•S•^<2tf/cr6J5:l^o (d) {i460*CT-9hr«E*E 



3. ^iSflSScD wave-Length *iM^jr^ffi/?co ^Jft ?S 
jPfbl^ffi^JIStli^ Bt^'^^^^p^codack hands 

fb<i^®$IWtU%rc):>;£S:J? J: v^nw^co Ji ^^ *c la 
# ^ s: St 
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